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@ Partiaily-defunctionaiized aminoplast curing for polymer compositions. 

0 A method of producing a cured coating is described comprising the steps of: 

(A) applying a coating composition on a substrate, wherein the coating composition is a curable coating 
composition comprising: 

(1) a polymer comprising functional groups that are reactive with methylol and/or methylalkoxy substituents 
on the amino nitrogens of an aminoplast curing agent, and 

(2) an aminoplast curing agent that includes, as substituents on the amino nitrogens: 

(a) a plurality of methylol and/or methylalkoxy substituents, and 

(b) one or more substituents that are either non-reactive with the functional groups on the polymer or 
are reactive with the functional groups at a higher temperature than the temperature at which the 
methylol and/or methylalkoxy substituents are reactive with the functional groups, and 

(B) curing the coating at a cure temperature sufficient to react the functional groups on the polymer with the 
methylol and/or methylalkoxy substituents, but below the temperature for reaction, if any, between the 
functional groups and the (b) substituents. 
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Field of the Invention 

This invention relates to curable compositions, and In particularly to compositions utilizing an 
aminoplast curing agent. 

5 

Background of the Invention 

Aminoplast resins are widely utilized as curing agents for polymer compositions. Aminoplast resins are 
typically prepared by reacting certain polyamines such as melamine or urea with an aldehyde such as 

10 formaldehyde to form alkylol group substituents on the amino nitrogens. The alkylol groups may be 
alkylated by reaction with an alcohol to form alkylalkoxy groups. The alkylalkoxy or alkylol groups are 
reactive with a variety of functional groups that can be appended to polymer backbones. Such functional 
groups include hydroxyl, acid (e.g., carboxyl), carbamate, amide, and ureido groups. 

Curable polymer compositions such as those cured with aminoplast resins are usually made to achieve 

15 a desired specification with regard to the physical properties of the cured polymer. Often, it is desired to 
achieve a cured polymer that exhibits a high level of hardness without being brittle. This can be a 
particularly desirable objective in curable coating compositions, where hardness provides durability to the 
coating and flexibility provides smooth, contiguous coatings that do not crack or peel when subjected to 
stress, temperature variations, and the like. 

20 One way to achieve a desired level of hardness is to control the crosslink density of the cured polymer 
composition. This can be accomplished by varying the level or amount of functional crosslinkable groups on 
the polymer or by varying the relative amounts of polymer and aminoplast In the curable composition. The 
control of the crosslink density is still somewhat limited, however, and often a tradeoff must be made 
between hardness and flexibility. The result of this is that desired levels of hardness and brittleness cannot 

25 be concurrently achieved. In certain applications, such as with the clearcoat layer of a color-plus-clear 
composite coating, this tradeoff manifests itself with the observation that when a coating has sufficient 
hardness to exhibit the desired durability, an undesirable level of brittleness causes a variety of problems 
such as environmental etch. Environmental etch manifests itself as spots or marks on or in the clear finish 
of the coating that often cannot be rubbed out. 

30 It is often difficult to predict the degree of resistance to environmental etch that a clearcoat will exhibit. 
Many coating compositions known for their durability and/or weatherability when used in exterior paints, 
such as high-solids enamels, do not provide the desired level of resistance to environmental etch when 
used as the clearcoat of a color-plus-clear composite coating. 

Thus, it would be desirable to provide further control over the crosslink density of aminoptast-cured 

35 polymer compositions. 

Summary of the Invention 

The present invention provides a method of producing a cured coating comprising the steps of: 
40 (A) applying a coating composition on a substrate, wherein the coating composition is a curable coating 
composition comprising: 

(1) a polymer comprising functional groups that are reactive with methylol and/or methylalkoxy 
substituents on the amino nitrogens of an aminoplast curing agent, and 

(2) an aminoplast curing agent that includes, as substituents on the amino nitrogens: 
45 (a) a plurality of methylol and/or methylalkoxy substituents, and 

(b) one or more substituents that are either non-reactive with the functional groups on the polymer 
or are reactive with the functional groups at a higher temperature than the temperature at which the 
methylol and/or methylalkoxy substituents are reactive with the functional groups, and 
(B) curing the coating at a cure temperature sufficient to react the functional groups on the polymer with 
50 the methylol and/or methylalkoxy substituents, but below the temperature for reaction, if any, between 
the functional groups and the (b) substituents 
additional control of the crosslink density of aminoplast-cured polymer compositions. This can allow for 
improved optimization of hardness and brittleness properties of such compositions, in the coating art, this 
can be especially useful, particularly for providing durable etch-resistant ciearcoats for color-plus-clear 
55 composite coatings. 
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Description "-'^'^ — , 

„„„b„ 0, L«n pol,m.rs. such »s an ^'''7- J™ «. wlic add. m«llc »«). Mv' 

S5 509 anti«ed "Curable f-'^-^J ^^^a 3'^"^^^^^^^^ ^1^-'" -'-^"'^^^ "^•^"T'Sn 
Donald L. St. Aubin. the disclosures of ^^^''^l^^. l^.i.^^.on of hydroxyalkyi esters of acrylic or 
acrylic polymers are typically formed by junctional acrylics are easily prepared by the 

Sacrjiic acid with other acrylic or v.nyl monomers^ 'ler acrylic or vinyl monomers. Hydroxyl- 
SSrization of acrylic acid or ^^^^^^^^ 

Sonal polyurethanes are typically prepared ^^^^^ or hydroxy-functlonal polyesters are formed 
pcTo s having two or more hydroKyI groups ^J^^^^^^' ^Zy^ i^^^ being determined by he 
by the reaction of polyacids w.th P° f '^vr„,iiL Lserti^ 

ripective amounts of acid or hydroxyl °"^''*fP;XV polymers known in the art to have functional 

s repVesentative in nature, and it is understood "^'/^^ the practi^ 

group that ^« T^oTe nvention a? in the art. The most common 

honyaldehvde and the like. ^ . aiwvlated bv reaction with an alcohol, such as 

-r^in, . the invention, one or ^^^^^^^^r^ 

Sstituents are reactive with the "^^^^^ carbamate groups being P-'--'^^I2 

nrouDS can include carbamate groups and amide group . ^ ^^en reacted with methylol 

S -n be adducted to the a-inoplast y re^^ 'l^;'^;^^^^ poiy.er functional groups or 
or methyiolalkoxy. will provide ^ ^-^^P ^J^/^.^JS'^rmetbylol or methylalkoxy groups react with the 
rPflrts at a higher temperature than that at which tne m y uamales, and alkyi amides. 

pSeffunctona. groups. Bcamples °^ -^^^^:°::^:^^T,^:rS of compounds usefuMn the 
Carbamate-modified aminoplast curing agents represent p ^^^^^^^^ ^^^^^^^ ^e 

practice of the invention. Such '^"^^ ^^^'"J^^^Zse compounds are fomned by reacting alky 
Sisclosures of which are incorporated herein bye^^^^^^^^ ^^^^ ,y ,3,,„g the rnell or n 

carbamates with aminoplast compounds. ^'^'%'^^^^^'°"J /^atalyst, such as p-toluene sulfonic acid, nitric 
soE e.g.. in benzene, toluene, xylene, and ' f^^^^^f J^.^uid be 80-150 'C and preferably 90- 
S or suSuric acid should be "-^-^^^-^^^ ^^^^^^^^^^ methlylalkoxy groups can be controlled 

120-C. The degree of substitution °f ^^^^^"^""P^^^te to the desired degree of substitution. 

can be represented by either of th formulas. 
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In these formulas, Ri is phenyl or 

25 



R2 

/ 

-N , 

\ 

R3 



and R2-R7 and R9-R12 are each independently -CHaORa or -CHa-NR'-COzR", wherein Ra is H. alky!, or 
aryl, R' is H or alky I, and R" is alkyi, with the proviso that at least two of R2. R3, R+, R5, Rs. and R7 are 

35 -CH2OR8 and at least one of R2, Ra. R4. Rs, Rs, and R7 are -CHa-NR'-COsR". It should be understood that 
in the context of the present invention, aikyi can include substituted alkyi and ary! can include substituted 
aryl where the substituents would not have an adverse impact on the performance of the invention. The 
above aikyI groups are preferably of 1-8 carbon atoms, and the above aryl group is preferably of 6-12 
carbon atoms. Examples of useful alkyI groups for the above R groups include methyl, ethyl, n-propyl, n- 

40 butyl, i-butyl, 3-chloropropyl. and benzyl. Examples of useful aryl groups for Rg include phenyl, naphthyl, 2- 
chiorophenyl, 4-chlorophenyl, 2-tolyl, and 4-tolyl. 

In one preferred embodiment, the compound is an aminoplast according to formula (I) where Ri is 



-N , 

\ 

50 

three of R2. R3, R*, Rs, Re, and R? are -CHsORg and three of R2, R3, R+, Rs. Rc, and R7 are -CH2-NR'- 
CO2R". 

The curable composition of the invention may be utilized in a variety of applications, such as castings, 
moldings, and coatings. A solvent may optionally be utilized in the composition of the present invention. 
55 Although the composition of the present invention may be utilized, for example, in the form of substantially 
solid powder, or a dispersion, it is often desirable that the composition is in a substantially liquid state, 
which can be accomplished with the use of a solvent. This solvent should act as a solvent with respect to 
both the components (A)(1 ) and {A)(2). In general, depending on the solubility characteristics of components 
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(A)(1) and (A)(2). the solvent can be any organ.c ^^^^^^^^^^^ aliphatic solvents or polar aromatic 
ent is a polar organic solvent. More P'f fjf ^JJ^^^^^^^^ '^Jet'te. aprotic amide, aprotic sulfoxide, or 
solvents. Still more preferably, the ^"f;"* ketone, methyl isobutyl ketone m-amyl 

acid catalyst may be utilized to enhance the ^ '^^^^^^^^^^ acid, dodecylbenzenesulfon.c 

include, for example, p-toluenesulfon.c ac d. a'"^" J hydroxy phosphate ester, 

rcid. phenyl acid phosphate, f '."^^'^^^^^ S coZs^'" °* ' 

percent. ^ , . „ -rticle by any of a number of techniques well-known in the 

1 rs?srr,rpr ri^«. - — - 

colorless coating composition .X^J',^'!;' of c<Jor and liquid glossy surface appearance. They 
Such composite coatings are P°P"'^ ";t;ffleld of automotive coatings. The composition of the 
have found particularly wide acceptance in the ^^'^ J color-plus-clear coating, 
invention may also be used as the basecoat °f a ~"^P°^^^^^^^^^^^^ ^,,„g3 well-known in the art. and do 
Other pigmented basecoat compositions for compos a ^^^^^ compositions 

not require explanation in detail herein. Po ymers ''""^ *';'3,^^3 '^ds. and polysiloxanes. Preferred 
ndude acrylics, vinyls. ^0^^^^'^^^^^^^^ P^m are Urably crossllnkable. and ttius 
polymers include acrylics and P^'V"'^^/"^^^^^^^ Such groups include, for example, hydroxy 

30 comprise one or more type of cross-linkable o^ps. These groups may be masked or 

socyanate. amine, epoxy, acrylate vinyl, s ane. an^ acetoace ate g p^^ ..oss-linking reaction under the 
blocked in such a way so that t ey f ^« cross-linkable functional groups include 

.esired curing -cjtion. gen-^^^^^^^^ „,3s-linkable functional groups 

3. SrhyToxy furlciion^ groups and -ino functk,na. g^oup. ^^^^^^^.^^^^ ,,,, ,3 

BaseLt polymers may be po^^Lr comprises hydroxy functional groups 

reactive with the functional groups of the pol^^^^^^^ V . blocked .socyanates 

for example, the cross-linking ^."^.J.^^J^^Ton^^^^^ agents. 

(including isocyanurates). and acid or anhydride functt^^^ above-described layers, the composition is 
^ ' After an article is molded, casted. ,^3^^^^^ various methods of curing may be used 

subjected to conditions so as to c^^e refferted by exposing the coated article to elevated 

hea^^uring is preferred. Generally, heat curing is e«ectea oy ^ .„ depending on the 
empe^Tes provided primarily by radiative "^^J^ ^^^I^^^^J^,^^^^^^^^^^ 93-C and 177-0. and are 

Soplast and functional polymer "^^^^ ^°^^^X*J^3^^^^^^^^^^ on the particular components 

- ruras^:=erofte laU-ver. typical curing times range 

n^e—™ described in the following examples. 
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50 Prpparation 1 - Acrylic 
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198 g Urethane-grade mixed ^^^'^^^''^^ ute^^Tto reflux with a nitrogen purge. As the mixture 
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923 g TMI® (unsaturated m-tetramethyl xylene isocyanate, American Cyanamid), 692 g ethyl hexyl 
acrylate and 269 g of a 50% solution of t-butyl peracetate in odorless mineral spirits were charged to a 
separate container. This mixture was pumped to the refluxing solvents over a period of 3.5 hour. At the 
conclusion of this first feed, a second addition of 27 g of the t-butyl peracetate solution and 27 g urethane 
5 grade mixed aromatics were charged over 30 minutes. 8.2 g Urethane-grade mixed aromatics was flushed 
through the pump and into the reaction mixture after the second initiator feed. The reaction mixture was 
then held at reflux, 135'C for one hour. 

After this hold period, the batch was cooled to 70" C. 1.1 g Dibutyltin dilaurate was charged and mixed 
into the batch for five minutes. At this point, 565 g hydroxypropyl carbamate was charged to the reaction 
TO mixture over 30 minutes. The batch was then slowly heated to 100*C and held at this temperature until 
isocyanate functionality had disappeared as determined by infrared spectroscopy or titration. Upon the 
disappearance of the isocyanate, 852 g monobutyl ether or ethylene glycol was charged to the vessel and 
allowed to homogenize. The heat to the reaction was turned off and the carbamate functional acrylic was 
removed from the vessel. 

75 

Preparation 2 - Carbamate-modified melamine 

A three-necked 5-1 round-bottomed flask was fitted with a vacuum sealed agitator at the center neck 
and a thermocouple at a side neck to monitor the reaction temperature. The second side neck as 

20 temporarily fitted with a water cooled condensor. Vacuum was applied through a collecting vessel and 
supercooled condensor via this side neck of the reaction flask. 

1708 g Hexamethoxylated monomeric melamine and 1044 g butyl carbamate were charged to the flask. 
The mixture was homogenized with agitation while heating slowly to 60 ' C. As the mixture reached 60 • C, 
1.2 g dodecylbenzyl sulfonic acid was charged to the vessel. The condensor was removed and the flask 

25 fitted to the vacuum set-up. The mixture was heated to 100 'C at a rate of 1 'C/min. When the mixture 
reached 70 'C. 15-20" vacuum was applied. The methanol was collected as it condensed in the super- 
cooled condensor. A stoichiometric amount of methanol, 279 g, was removed in 2.5 hours at 25" vacuum 
and 100'C, After this amount was removed, the heat and vacuum were discontinued. The vessel was 
charge with 433 g xylene, homogenized, and carbamate-modified melamine separated from the mixture. 

30 

Example 1 

A clear coating composition was prepared by combining the following materials: 
665 g carbamated acrylic (Preparation 1) 
35 1 67 g carbamated melamine (Preparation 2) 
345 g butyl acetate 

44 g Exxate® 800 (methyl octoate isomers) 
19 g Tinuvin® 384B 
6 g Tinuvin® 123 

40 12 g 25%active oxizolidine blocked dodecylbenzyl sulfonic acid 

The coating composition was sprayed over steel panels that had been previously sprayed with an 
acrylic pigmented basecoat and flashed. Viscosity was adjusted to 30 seconds with butyl acetate. The 
panels were baked 10 minutes at 82*C and 20 minutes at 132'C. 
Film builds: basecoat 15 urn 
45 clearcoat 51 urn 

Tukon hardness 13.5 
MEK rubs 200, slight scoring 

The invention has been described in detail with reference to preferred embodiments thereof. It should 
be understood, however, that variations and modifications can be made within the spirit and scope of the 
50 invention. 

Claims 

1. A method of producing a cured coating comprising the steps of: 
55 (A) applying a coating composition on a substrate, wherein the coating composition is a curable 

coating composition comprising: 

(1) a polymer comprising functional groups that are reactive with methylol and/or methylalkoxy 
substituents on the amino nitrogens of an aminoplast curing agent. 
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(2) an aminoplast curing agent that includes, as substituents on the annino nitrogens: 

(a) a plurality of methylol and/or methylalkoxy substituents, and 

(b) one or more substituents that are either non-reactive with the functional groups on the 
polymer or are reactive with the functional groups at a higher temperature than the tempera- 

5 ture at which the methylol and/or methylalkoxy substituents are reactive with the functional 

groups, and 

(B) curing the coating at a cure temperature sufficient to react the functional groups on the polymer 
with said methylol and/or methylalkoxy substituents, but below the temperature for reaction, if any, 
between the functional groups and said (b) substituents. 

10 

2. A method according to claim 1 wherein said (b) substituents comprise carbamate groups. 

3. A method according to claim 2 wherein said cure temperature is from 100*C to 150*C. 
ts 4. A method according to claim 2 wherein said cure temperature is from 110 • C to 140 • C. 

5. A method according to claim 2 wherein said cure temperature is from 120 * C to 135 • C. 

6. A method according to claims 1-5 wherein the functional group on the polymer {A)(1) is selected from 
20 the group consisting of hydroxy!, acid, carbamate, amide, and ureido. 

7. A method according to claims 1-5 wherein the functional group on the polymer (A)(1) is hydroxyl or 
carbamate. 



25 8, A method according to claims 1-5 wherein the functional group on the polymer (A)(1) is carbamate. 

9. A method according to claims 1-8 wherein the aminoplast is a melamine or urea aminoplast. 

10. A method according to claims 1-9 wherein the aminoplast is a melamine aminoplast, and 3 of the 
30 substituents on the amino nitrogens of the melamine are (b) substituents. 

11. A method according to claims 1-10 wherein the (b) substituents are each independently according to 
the formula -CHa-NR'-COsR". wherein R* is H or alkyl and R" is alkyl. 

35 12. A method according to claims 1-11 wherein said aminoplast curing agent has the formula: 



wherein 

Ri is phenyl or 



R2 



/ 



R3 



and 

Ra, Rs, R4, Rs, Rb, and R7 are each independently -CH2OR8 or -CH2-NR'-C02R", wherein Rs is H, 
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alkyi, or aryf, R' is H or aikyi, and R" is alkyl, with the proviso that at (east two of R2, Ra, R*, Rs, Re, 
and R7 are -CHaORs and at least one of R2, R3. R4, R5, Re, and R7 are -CHs-NR'-COaR", 

ia A method according to claims 1-9 or 11 wherein said aminoplast curing agent has the formula: 



R9, Rio, R11, and R12 are each independently -CH2OR8 or -CH2-NR'-C02R", wherein R' is H or 
alkyi, Rs is H, alkyi, or aryl, and R" is alkyi, with the proviso that at least two of Rg, Rio, Rn, and R12 
are -CH2OR8 and at least one of Rg, Rio, Rn , and R12 are -CHz-NR'-COaR". 

14. A method according to claims 1-13 wherein said coating composition is a clear coating composition. 

15. A method according to claims 1-14 wherein said substrate is an article having a layer of a pigmented 
basecoat composition thereon. 

16. An article prepared according to the method of claims 1-15. 
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